INTRODUCTION
In the past few decades, developments in aquatic ecology have provided evidence that an important part of matter and energy can reach organisms of higher trophic levels through the functioning of the microbial loop (sensu Azam et al. 1983) or the microbial food web (sensu Rassoulzadegan 1993) , which, at least, includes bacteria, autotrophic and heterotrophic flagellates and microzooplankton (i.e. protozoan ciliates and < 200 µm metazoa). Several studies in pelagic systems have shown that microzooplankton can (1) play an important role in nutrient regeneration, especially in oligotrophic environments (e.g. Ferrier & Rassoulzadegan 1991) , (2) control phytoplankton growth (e.g. Froneman & McQuaid 1997) and, at times, (3) provide a significant link to higher trophic levels (e.g. Stoecker & Capuzzo 1990 , Sime-Ngando et al. 1995 .
Since aquatic ecology researchers have focused their attention on microbial food webs, numerous investigations have been conducted in order to quantify grazing activity and to understand the trophic role of micrograzers in planktonic systems. Field experiments have revealed that the proportion of the daily algal biomass production removed by microzooplankton typically ranges between 10 and 75% (Pierce & Turner 1992 , Froneman & McQuaid 1997 , Latasa et al. 1997 ). Most ABSTRACT: Dilution experiments were conducted from May to September 1998 in the epilimnion of a recently flooded reservoir (Sep Reservoir, Puy-de-Dôme, France: 46°2' N, 3°1' E), to estimate growth and microzooplankton (20 to 200 µm) grazing mortality of 2 size classes of the phytoplankton community. This community was dominated by < 25 µm cells, which averaged 77% (range 41 to 98%) of GF/F-collected chlorophyll a and 67% (27 to 99%) of total counts from inverted light microscopy. Total particulate DNA content was also significantly higher for the < 25 µm size class, compared to the > 25 to 200 µm size fraction. Micrograzers were largely dominated by ciliated protozoa (86 to 96% of total abundance), and also comprised rotifers and copepod nauplii. Experiments with and without added nutrients (N and P) indicated, together with changes in particulate protein, RNA and DNA, that phosphorus is a limiting element in the Sep Reservoir. Grazing activity of microzooplankton was significant on nanoalgae, averaging 0.38 ± 0.19 d -1 (range 0.16 to 0.66 d -1 ). The grazing activity balanced the daily production of the target algal community by 71 ± 11% (range 54 to 88%). Microzooplankton herbivory and the growth rates of nanoalgae were strongly correlated, suggesting the existence of an operating homeostatic interaction between the prey and the predators. The high mortality:growth ratio indicated that a substantial fraction of phytoplankton carbon is recycled in surface waters through microbial grazing. We conclude that microzooplankton herbivory provides an effective and substantial link to higher trophic levels in the Sep Reservoir, and might contribute to fueling planktonic communities with the limiting nutrient through regeneration.
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Resale or republication not permitted without written consent of the publisher of these experiments have been conducted in coastal and oceanic environments and, in many cases, the dilution technique introduced by Landry & Hasset (1982) has been employed (e.g. Gifford 1988 , Landry et al. 1995 , 1998 , Sime-Ngando et al. 1995 , Froneman & McQuaid 1997 , Latasa et al. 1997 , Murrell & Hollibaugh 1998 , Caron & Dennett 1999 . This technique has rarely been used to investigate the grazing activity from microherbivores in freshwater ecosystems (e.g. Elser & Frees 1995) . Furthermore, in these environments, studies concerning the functional role of micrograzers have mostly dealt with bacterivory, although some laboratory experiments showed that certain micrograzers grew better on algae than on bacteria (Walz 1983 , Stemberger & Gilbert 1985 , Ooms-Wilms 1997 . In recent artificial lakes, the quantitative and functional importance of microheterotrophs have received very little attention (Paterson et al. 1997 , Jugnia et al. 1999 , or none at all as far as microzooplankton herbivory is concerned.
The Sep Reservoir (Puy-de-Dôme, France) was formed and first flooded in 1995. Studies conducted in 1996 and 1997 in the reservoir showed that phytoplankton communities were largely dominated by nano-sized cells. In 1996, orthophosphate concentrations were low and sometimes undetectable, the phytoplankton biomass was characteristic of oligomesotrophic environments, and the primary production appeared to be strongly and negatively affected by the low P availability and by the water column instability. In 1997, the water of the reservoir exhibited a low chlorophyll a (chl a) (somewhat oligotrophic) high nutrient situation. During both 1996 and 1997, the N:P ratios (both total and inorganic) in the reservoir and its inflows were generally >16:1 (Redfield's ratio) , Tadonléké et al. 2000 . A study on metazooplankton feeding behavior in 1996 indicated that these organisms predate strongly on heterotrophic ciliates and flagellates in the Sep Reservoir (Thouvenot et al. 1999) . From the above observations, we hypothesize that micrograzers play a significant trophic role in the food chain of this reservoir. Herein, we examine the phytoplankton growth rates and the herbivory activity from microzooplankton in the Sep Reservoir using a modified dilution technique. We also examine changes in the amounts of particulate protein, RNA and DNA, for evidence of the physiological responses of microbial communities to nutrient availability.
METHODS
Study site and sampling. The Sep Reservoir (Fig. 1 ) was formed and first flooded in 1995 by damming the Sep Stream for the summer irrigation of an agricultural region known as 'Haute-Morge', located in the French Massif Central (ca 46°2' N, 3°1' E). In addition to the Sep Stream, water from the 'Les Riaux' stream also flows into the reservoir. The water leaving the reservoir flows into the 'La Morge' river, which had a very low summer discharge (< 0.5 m 3 s -1
) before the dam construction. At its full supply level, the reservoir contains about 5 million m 3 of water, has an area of 33 ha, a mean depth of 14 m and a maximum depth of 37 m. During the present study, the sluices of the reservoir were opened in May for irrigation and the depth of the deepest point (sampling station) varied between 30 m (last sampling date) and 37 m (first sampling date). Additional details on the site description can be found in Tadonléké et al. (2000) .
Samples were collected every 2 wk at 1 m depth with a Van-Dorn bottle, from May to September 1998, at the deepest point of the reservoir situated about 150 m from the dam (Fig. 1) . Previous studies in 1996 and 1997 showed that the 0 to 4 m zone of the reservoir water column is permanently well mixed and represents the epilimnion during the thermal stratification period . Initial physico-chemical, biochemical and biological analyses. Physical (temperature, light), chemical (nutrients), biochemical (chl a, protein, DNA, RNA), and biological (phytoplankton and microzooplankton composition and counts) parameters were obtained at the time of collection of the reservoir water used in the dilution experiments. Temperature was measured in situ using a digital display multiparameter apparatus YSI GRANT/3800 probe. Light penetration (photosynthetically available radiation, PAR, 400 to 700 nm) in the water column was measured with a Li-Cor probe equipped with a submersible photoelectric cell (Model Li 189). The euphotic depth (Z eu ) corresponded to the depth at which 1% of the subsurface irradiance penetrated. Nutrient concentrations (nitrate and orthophosphate) were determined spectrophotometrically on 0.2 µm (acetate cellulose membranes were used) filtered subsamples, using AFNOR (1990) standard methods. Nitrate (N-NO 3 ) was assayed by reduction with cadmium followed by reaction with sulfanilic acid, while orthophosphate (P-PO 4 ) was determined by the molybdate-ascorbic acid method.
At the beginning of the experiments, samples for chl a concentrations and for protein, DNA and RNA particulate contents were passed through nitex nylon screening to obtain <´25 and 25 to 200 µm size fractions. These fractions were caught on Whatman GF/F glass fiber filters (~0.7 µm pore size). Chl a was extracted in 90% acetone at 4°C overnight in the dark and concentrations measured spectrophotometrically (SCOR-UNESCO 1966) . Proteins were analyzed according to Lowry et al. (1951) using bovine serum albumin as a standard. Nucleic acids were determined fluorometrically by the enzymatic method of Fara et al. (1996) . Briefly, Whatman GF/F filters with collected organisms onto were ground in Tris buffer (5 mg ml -1 ) and 1 ml aliquot of the supernatant was spiked with 0.5 µg ml -1 of DNase for RNA measurements or with 10 units ml -1 of RNase for DNA quantification, and incubated for 20 min at 37°C. After cooling at room temperature, 0.55 ml of Thiazole Orange (10 µg ml -1 , final concentration) was added to each sample and the fluorescence determined at 511 and 533 nm for the calculation of nucleic acid concentrations (Fara et al. 1996) . We were interested in particulate protein and nucleic acids because nitrogen is a component of both protein and nucleic acids and phosphorus is essential in the nucleic acid skeleton (Nelson & Cox 2000) . Furthermore, RNA is directly implicated in protein synthesis and has been considered as an indicator of growth in several groups of microorganisms (Dortch et al. 1983 ). One could thus expect that the shortage of N or P in the Sep Reservoir would differently affect the internal amounts of particulate protein and nucleic acids and thus the growth rates of microbial communities (De Madariaga & Joint 1992 , Berdalet et al. 1996 .
Initial composition and abundance of phytoplankton (> 4 µm cells) and microzooplankton (20 to 200 µm protists and micrometazoa) were determined from microscopical analyses of samples used in the dilution experiments. Samples for phytoplankton, ciliates and micrometazoa were preserved with Lugol's iodine (final concentration 1% v/v) and prepared for inverted light microscopy, i.e. sedimentation of 40 to 500 ml subsamples in settling chambers for 24 h. Samples for microheterotrophic dinoflagellates were fixed with glutaraldehyde (final concentration 1% v/v), stained with the fluorochrome DAPI and prepared for inverted epifluorescence microscopy (sedimentation of 100 to 300 ml subsamples in settling chambers for 24 h) equipped with the appropriate exciter/barrier filter set for UV (330 to 380 nm) excitation. At least 400 phytoplankton cells were counted for each sample (10% accuracy; Lund et al. 1958 ). The whole settling chamber was scanned for ciliate (magnification = ×400) and < 200 µm metazoan (magnification = ×100) counts. At least 200 ciliates were counted per sample. The numbers of apoplastidic dinoflagellates (> 20 µm) were low and < 50 cells were generally counted per sample. Several book guides were used for phytoplankton (Bourrelly 1966 , Germain 1981 and microzooplankton (Corliss 1979 , Pourriot & Francez 1986 , Finlay et al. 1988 , Foissner & Berger 1996 
Dilution experiments. Phytoplankton growth and microzooplankton herbivory were examined using a modified dilution technique (Landry & Hasset 1982 , Landry 1993 , Landry et al. 1995 , 1998 , Latasa et al. 1997 , Caron & Dennett 1999 . Diluent for all experiments was obtained by gently (< 50 mm Hg) filtering lake water through Whatman GF/F glass fiber filters and, subsequently, through 0.2 µm acetate cellulose filters, in order to minimize cell bursting and the enrichment of filtrates. Measured volumes of diluent were added first to the incubation bottles for all diluted samples, and then raw lake water was gently added without bubbling to a prescribed level. Raw samples were prescreened through a 200 µm nitex netting to eliminate large (> 200 µm) zooplankton. All carboys, experimental flasks and nitex screening were soaked in 10% HCl and rinsed in distilled-deionized water prior to each experiment.
Experimental flasks were 2 l clear polycarbonate bottles filled to the neck to reduce agitation during incubation. All dilution bottles were prepared and incubated in triplicate. Dilution series consisted of bottles containing 100, 50, 75 and 10% raw reservoir water with nutrient enrichment (N as NaNO 3 at 20.3 µM l -1 , and P as K 2 HPO 4 at 1.3 µM l -1 ). Three additional replicates of raw experimental samples were also prepared without added nutrients and incubated, as well as diluent controls in which chlorophyll concentrations were always undetectable before and after incubations. Incubations were performed in situ for approximately 24 h, and then all bottles were resampled and analyzed for changes in chlorophyll concentrations. In addition, all bottles containing raw samples (i.e. with and without nutrient enrichment) were also resampled and analyzed for particulate protein, DNA and RNA concentrations. As for the initial analysis, incubated samples for chlorophyll, protein, DNA and RNA concentrations were passed through nitex screening before analysis to obtain 0.7 to 25 and 25 to 200 µm size fractions.
Growth and mortality rates of phytoplankton were calculated from changes in chlorophyll concentrations over the length of the dilution experiments using linear regression analysis. Our terminology follows that of Landry et al. (1995 Landry et al. ( ,1997 Landry et al. ( , 1998 , Latasa et al. (1997) , and Caron & Dennett (1999) . Growth rates of the phytoplankton assemblages in the enriched bottles were determined from the y-intercepts of the regressions of apparent growth rate in the bottles versus dilution. Phytoplankton mortality rates due to grazing (g) were determined from the slopes of the regressions. Phytoplankton growth rates in the unenriched bottles (µ 0 ) were determined from net (apparent) growth rates of the phytoplankton in the unenriched, undiluted bottles (q 0 ) and g, as follows: µ 0 = q 0 + g. According to Paranjape (1987) and to Gifford (1988) , µ 0 , g and the initial concentration of chlorophyll (C i ) were used to calculate pertinent functional parameters: (1) the apparent (or net) chlorophyll production, P a = (C i × e (µ 0 -g) ) -C i , (2) the potential (i.e. apparent plus grazed) chlorophyll production, P t = (C i × e µ 0 ) -C i , and (3) the grazed fraction of the potential chlorophyll production,
]. Statistical treatments. Statistical treatments mainly consisted of correlation analysis to establish the empirical relationships between variables. The 2 size fractions of chlorophyll, protein, DNA and RNA were compared by a 1-way non-parametric analysis of variance (Mann-Whitney U-test).
RESULTS

Initial physico-chemical, biochemical and biological parameters
Physico-chemical environment
Temperatures at the depth sampled for the phytoplankton growth and mortality experiments fluctuated around 21°C (Table 1) . Values increased by few degrees (3 to 6°C) from the beginning of the experiments (May 20) to August 13, and then decreased similarly until the end of sampling (September 10). The Z eu was always > 4 m. N-NO 3 concentrations decreased conspicuously from ~1.7 to 0.3 mg N l -1 during the experimental period. P-PO 4 concentrations were generally under 9 µg P l -1 and exhibited no consistent temporal pattern. Undetectable P-PO 4 concentrations appeared on July 16 and August 13 (Table 1) .
Particulate biochemical compounds
Simple statistics for the particulate concentrations of protein, RNA, DNA and chl a are given in Table 2 . For the 2 latter variables, concentrations from the nanoplankton communities (0.7 to 25 µm size fraction) were significantly higher (Mann-Whitney U-test, p < 0.01) than those from the microplankton assemblages (25 to 200 µm size fraction, Table 2 ). For both size classes, the concentrations of protein, RNA and DNA were generally higher between July 16 and September 10 than at the beginning of the experimental period. Due to the 25 to 200 µm size fraction, the total concentrations of protein and chlorophyll reached their maximum on July 16, coinciding with undetectable P-PO 4 concentrations (Table 1, Fig. 2A to D ) were dominated by nanocells (4 to 25 µm size fraction). The densities of these small cells averaged (± SD) 67 ± 26% of total algal abundance, and were significantly (Mann-Whitney U-test, p < 0.05) higher than those of microalgae (25 to 200 µm) ( Table 2) . (2) Algal cell densities were higher in the last 5 samples than in the first 3, and (3) the highest abundance of microalgae and of total cells were recorded on July 16 when the P-PO 4 concentration was undetectable (Table 1 , Fig. 2A,D,E) .
Micrograzers
Microzooplankton communities (20 to 200 µm, protists and micrometazoa) were largely dominated by ciliated protozoa which represented 86 to 96% (mean = 91 ± 5%) of total counts. Classified by feeding preference (cf. Tintinnopsis sp.). Algivorous species were the most abundant (> 80% of the total abundance) within the ciliate community, except for the last 2 sampling dates when bacterial feeders (mainly the small scuticociliates Cyclidium sp. and Uronema nigricans) dominated (> 50% of the total abundance) this community (Fig. 3A) . Other bacterivorous ciliates were represented by prostomatids Urotricha sp., gymnostomatids Askenasia sp. and peritrichs Vorticella sp. Heterotrophic dinoflagellates (> 20 µm) mainly included apoplastidic Gymnodinium sp., while unpigmented microflagellates (excluded from comparisons because of their marked scarcity during the study) were represented by a few euglenid-like cells. The number of heterotrophic dinoflagellates generally represented < 3% of the total abundance of protozoa. Micrometazoan community was dominated by rotifers, except on the first sampling date when nauplii accounted for 75% of the total abundance (Fig. 3B) . Quantitatively, microprotist abundances fluctuated from 2.4 to 6.3 × 10 ). Microprotist abundances were highest from August 13 to September 10, which followed the period of highest micrometazoan densities. The algivorous ciliate Strobilidium sp. progressively disappeared in the experimental samples from the beginning of the study to August 13 (Fig. 3) .
Dilution experiments
Phytoplankton growth rates and grazing mortality Growth rates of nanophytoplankton (µ 0n ) and microphytoplankton (µ 0m ) in unenriched bottles of the dilution series fluctuated moderately, from 0.23 to 1.15 and 0.18 , respectively (Table 4 ). The mean (± SD) value for µ 0n (0.57 ± 0.29 d ). In contrast to µ 0m , µ 0n increased during the first 3 sampling dates. Thereafter, both variables exhibited similar temporal variations, characterized by a general decreasing trend (Table 4) .
For all dilution experiments, the regression coefficients (i.e. g) of chlorophyll-based apparent growth rates in nutrient-enriched bottles versus dilution were significant (p < 0.05) for nanophytoplankton, but always non-significant (p > 0.05) for microphytoplankton (Table 4) . Accordingly, we conclude that larger cells of the latter size class were not significantly fed by micrograzers during our experiments. The significant nanophytoplankton mortality rates due to grazing (g n ) fluctuated from 0.16 to 0.66 d -1 (mean ± SD = 0.38 ± 0.19 d -1 ) and exhibited a temporal pattern similar to that of µ 0n . Microzooplankton grazing coefficient thus represented a significant fraction of µ 0n (ca 50 to 90%) during our experiments.
Net nanophytoplankton growth rates (q 0n ) in the unenriched bottles (q 0n = µ 0n -g n ) fluctuated from 0.09 to 0.49 d -1 , and decreased from July 2 until the end of the experimental period (Table 4) . µ 0n exceeded g n for all experiments, but q 0n were 19 to 50% of µ 0n . For the nanoplankton size fraction (0.7 to 25 µm), the potential (i.e. net plus grazed) chlorophyll production (P tn ) and the fraction of this potential production that was grazed (GP tn ) peaked together on July 2. Lowest values of these variables were noted on July 30 for GP tn and on August 13 for P tn , when P-PO 4 concentration was undetectable (Table 1 , Fig. 4 ). Both variables were strongly correlated (r = 0.973, p < 0.001, n = 8). For all experiments, GP tn represented 54 to 88% (mean ± SD = 71 ± 11%) of P tn .
Effects of nutrient addition
Effects of nutrient addition on chlorophyll-derived phytoplankton growth rates and on the concentration of particulate protein, RNA and DNA are shown in Table 5 . On the first sampling date, nutrient additions were unfavorable for all these variables. Negative effects of nutrient addition were also observed for protein, RNA and DNA of the 25 to 200 µm size class on the second sampling date. For the rest of the experiments, nutrient addition enhanced algal growth rates and the amount of protein and nucleic acids. For these experiments, increased percentages of these variables as a result of nutrient amendments were generally higher for the < 25 than for 25 to 200 µm size class, except for RNA. For both size classes, the stimulating effect of nutrient addition was higher for RNA, followed by DNA, algal growth and protein. In both size classes, the highest percentages of increase in phytoplankton growth rates (August 13) and in particulate protein contents (July 16 and/or August 13) were obtained when P-PO 4 concentrations were undetectable (Tables 1 & 5) .
DISCUSSION
Initial phytoplankton standing stocks and empirical observations
The phytoplankton biomass and the nutrient environment during our dilution experiments were typical of oligomesotrophic lakes, similar to the conditions observed in 1996 when algal production was severely affected by low P-PO 4 concentrations. In 1996, available P-PO 4 in the surface waters of the reservoir explained only about 50% of the primary production, indicating the importance of nutrient sources such as regenerated P for algal activity in this milieu , Tadonléké et al. 2000 . We speculate that, during this study, the conditions for phytoplankton development in the surface waters of the Sep Reservoir in 1998 were similar to those previously recorded in 1996, with a prevalence of P deficiency. This is apparently in agreement with the low and at times undetectable P-PO 4 concentrations during both years. At the depth sampled for phytoplankton growth and grazing mortality experiments, the total abundance and biomass of phytoplankton communities as well as the total concentration of particulate DNA were signifi- Table 4 . Nano-and microphytoplankton growth rates (µ 0 , without nutrient addition) and grazing coefficients (g). q 0 : net growth rates in the undiluted samples without nutrient addition; r 2 : coefficient of determination for the regression of apparent growth against the dilution; (P): positive slope. *p < 0.05; **p < 0.01 cantly (Mann-Whitney U-test, p < 0.05) dominated by small cells (< 25 µm), similar to previous observations made in , Tadonléké et al. 2000 . This supports our working hypothesis on the significant trophic role of microbial grazing in the food chain of the Sep Reservoir. Indeed, dominance of small cells in the plankton and phytoplankton community is generally indicative of a situation where the microbial loop (Azam et al. 1983 ) and the microbial food web (Rassoulzadegan 1993 ) play a much larger role than the 'classic' web in the overall metabolism of pelagic systems (e.g. Legendre & Le Fèvre 1995) .
The in situ dilution method
To experimentally test the potential role of microherbivory in the Sep Reservoir, we conducted experiments using the dilution approach introduced by Landry & Hasset (1982) . This approach implies setting up experimental samples with and without nutrient enrichments (Landry 1993 , 1994 , Landry et al. 1995 and this was interesting in our case study, given the possibility of inorganic P limitation in the Sep Reservoir. The method also provides reliable estimates of phytoplankton growth and grazing mortality with a minimal manipulation of live plankton samples (Landry & Hasset 1982 , Gifford 1988 , and when incubations are performed in situ, such as in this study, the dilution method makes it possible to avoid potential bias and artifacts due to photoadaptation known from 'out situ' incubators (McManus 1995 , Caron & Dennett 1999 .
The depths of the 1% incident light level in the present study were always > 4 m, and chlorophyll concentrations and algal densities were not unusually high relative to highly productive lakes, or as low as those representative of highly oligotrophic freshwaters (Wetzel 1983) . This suggests that the functional parameters derived from our dilution experiments were not significantly affected by the prey density constraint (Landry & Hasset 1982 , Elser & Frees 1995 , nor by differences in algal cell exposure to light which may occur in turbid waters when experimental samples are diluted (Murrell & Hollibaugh 1998) . Based on preliminary tests during this study (data not shown) and on a previous study (Sime-Ngando et al. 1995) , no significant changes in nutrient concentrations occurred in our experimental diluent as a result of the filtration process, compared to the raw lake samples. However, these raw samples were prescreened through a 200 µm nitex netting to eliminate mesozooplankton, mainly because measuring the grazing activity of these organisms in our 2 l experimental flasks was judged inaccurate. Our phytoplankton growth and microzooplankton grazing mortality rates might thus have been some- what biased compared to the natural rates, which include interference from mesozooplankton. Other potential bias of the dilution method is the confinement and the absence of cell migration in the experimental bottle (Landry 1994) . A recent study in a eutrophic marine station also indicated that the growth rates of tintinnid and oligotrich ciliates were negatively affected by dilution, while no consistent dilution effect was shown by predacious ciliates and rotifers (Dolan et al. 2000) . The fitted algal growth and grazing mortality rates observed in this study should thus be extrapolated to nature with care.
Phytoplankton growth in unenriched experimental bottles
Chlorophyll-derived phytoplankton growth rates in unenriched bottles of the dilution series observed in this study (Table 4 ) are in good agreement with the observations of temperate marine and estuarine studies using the dilution technique (e.g. Landry & Hasset 1982 , Sime-Ngando at al. 1995 , Latasa et al. 1997 , Catano et al. 1998 , Landry et al. 1998 , Murrell & Hollibaugh 1998 . Our rates are also in agreement with those (0.21 to 0.98) observed in the Subalpine Castle Lake (northern California, USA) using a dilution approach (Elser & Frees 1995) . Using a mean C:chlorophyll ratio of 40 that is typical of the Sep Reservoir , the apparent algal production rates calculated for 1998 during this study (mean = 71.8 ± 40.1 mg C m -3 d ) using 14 C incorporation, supporting the idea of an overall annual equity of algal production in the Sep Reservoir, despite substantial differences in standing stocks and species composition (Tadonléké et al. 2000) . This also indicates that the phytoplankton growth rates determined using the dilution method in this study were minimally affected due to methodological artifacts.
As expected, nanophytoplankton growth rates (µ 0n , < 25 µm) were higher than those of microphytoplankton (µ 0n , 25 to 200 µm), except for the first samples (Table 4) , in which the large chlorophyte Sphaerocystis schroeteri, known as an r-strategist (Arauzo & Alvarez Cobelas 1994), was the numerically dominant species (Table 3) . Relatively high microphytoplankton growth rates (µ 0m ) were also noted on June 13 when Volvox aureus was the dominant species, and on July 16 and 30 when Asterionella formosa dominated the algal assemblages, a P shortage being apparent on July 16 (Tables 1 & 3) . V. aureus is known to be a rapid growing species (Reynolds 1998) and A. formosa generally has a competitive advantage in P-deficient environments because of its low half-saturation constant for P uptake (Reynolds 1998) . The results discussed above suggest that changes in species composition in relation to P concentration might account for most of the temporal variations in this study.
Effects of nutrient addition on phytoplankton growth
Nutrient enrichment enhanced phytoplankton growth rates and the concentrations of particulate protein, RNA and DNA in almost all of the samples used for the dilution experiments. The only negative effects of nutrient addition, i.e. for all these variables and for the 2 size fractions, occurred during the first sampling date when ambient N-NO 3 and P-PO 4 were at their highest concentrations (1660 and 17.4 µg l -1 , respectively; Table 5 ). From this sampling date, N-NO 3 concentration in the reservoir decreased progressively during the study, while P-PO 4 concentration decreased drastically in the second samples and remained low (around 5 µg l -1 ) or undetectable till the end of the study (Table  1) . Given this difference in the temporal fluctuations of the 2 elements and the general low concentrations of P in the Sep Reservoir compared to those of N, we suspect that P rather than N was the main limiting element in our experimental flasks.
This did not contradict empirical observations from annual standing stocks of nutrients and algal assemblages in the Sep Reservoir, and was apparently also in agreement with some of the experimental observations. For example, the highest percentages of the increase in algal growth rates and in particulate protein contents as a result of N and P addition were obtained, for the 2 size fractions, on July 16 and/or on August 13 when P-PO 4 was undetectable in the reservoir (Tables 1 & 5) . For the 2 particulate size fractions, the stimulating effects of nutrient addition were more pronounced for nucleic acids than for protein (Table 5) , indicating a prevalence of P shortage rather than of N deficiency. It has been experimentally shown that nucleic acids are indeed more sensitive to P than to N deficiency while, in contrast, proteins are more sensitive to N than to P depletion (Ganf et al. 1986 , Berdalet et al. 1994 . It has also been shown that in Pdepleted algal cultures, P supply is accompanied by a rapid synthesis of ATP, followed by an increase in RNA concentrations (Sakshaug & Holm-Hansen 1977 , Laws & Bannister 1980 .
Microbial herbivory and its ecological implications
Microbial grazing coefficients (i.e. g) for our dilution experiments were significant only for nanophyto-plankton prey (g n ), while larger microphytoplankton cells which were represented mainly by diatoms or large colonial species apparently escaped from micrograzer pressure (Tables 3 & 4) . Similar results from dilution experiments are currently reported in coastal and oceanic waters where larger algae might be less susceptible to microbial grazing (e.g. Strom & Welschmeyer 1991 , Landry et al. 1998 , Caron & Dennett 1999 . Our values of g n (range: 0.16 to 0.66 d ) reported for various coastal and open ocean waters using the dilution method (e.g. Landry & Hasset 1982 , Sime-Ngando at al. 1995 , Latasa et al. 1997 , Catano et al. 1998 , Landry et al. 1998 , Murrell & Hollibaugh 1998 . In the Subalpine Castle Lake, microbial grazing rates (0.05 to 0.22 d ) estimated using a dilution approach (Elser & Frees 1995) were lower, likely because of the saturation of micrograzer feeding that did not occur in the experiments cited above. Using the C:chl a ratio of 40 , the maximum food concentrations (MFC) in our undiluted experimental samples (145.6 to 630.4 µg C l -1 , mean = 358.9 ± 175.7 µg C l -1 ) were lower than those reported in the literature. For the dominant grazers present during our study, MFC are generally > 500 µg C l -1 for herbivorous ciliates (Müller & Schlegel 1999 and references therein) and comprise between 500 and 2500 µg C l -1 for rotifers (Rothhaupt 1990) .
The degree to which algal production is consumed by micrograzers has significant ecological implications for nutrient cycling and energy flows in pelagic systems. A low mortality:growth ratio implies a situation in which the potential for carbon export from the surface waters (sinking) is high. In contrast, a high mortality:growth ratio implies that the phytoplankton carbon is largely recycled in surface waters through microbial grazing and does not contribute significantly to sinking particle flux (Caron & Dennett 1999) . It is likely that this was the case in the present study where algal community was dominated by nanocells, for which the ratios of g n to µ 0n were substantially high, with 54 to 88% (mean = 71 ± 11%) of the potential production being removed by micrograzers (Table 4 , Fig. 4 ). In addition, algal production and microbial herbivory were strongly correlated (r = 0.97, p < 0.001, df = 6), which generally suggests that grazers are implicated in the maintenance of their rapidly growing prey at approximately steady state, indicative of the existence of an homeostatic regulation between predators and prey (Burkill et al. 1987 , Ruiz et al. 1998 ). In such a dynamic feedback system, the microbial grazing is well known to fuel the system with regenerated nutrients (Ferrier & Rassoulzadegan 1991 .
Conclusions
In conclusion, the results from this study demonstrate that phytoplankton growth and microbial herbivory in the Sep Reservoir are characteristic of oligotrophic waters and that phosphorus is potentially a limiting element in this reservoir. Microzooplankton significantly grazed on nanoalgae, in contrast to larger algae which apparently escape this grazing pressure. Microbial grazing seemed to maintain the small algal cells at approximate steady state and likely fuel the system with the limiting nutrient through regeneration. Our findings support the idea that, following the flooding of a reservoir, matter and energy might flow mainly through microorganisms. This may be of great importance for lake and reservoir studies, since existing models that describe modifications of food webs in lakes through biomanipulation (e.g. Carpenter et al. 1985 , McQueen et al. 1986 ) do not actually take into account microzooplankton herbivory.
